Krumwiede (1954) reported that some group A streptococci formed a lipoproteinase which was capable of producing opalescence in horse serum. A survey of a large number of strains of group A streptococci has shown that those strains which carry an easily identifiable M antigen rarely produce the serum opalescence reaction, except for Types 2 and 9. On the other hand those types that elaborate M antigen poorly or not at all are usually good producers of the serum opacity reaction.
INTRODUCTION
In 1954 Krumwiede reported that some group A streptococci formed a lipoproteinase which produced opalescence in serum. Ward & Rudd (1938) had noted that the production of similar opalescence in serum broth was confined to a few of the Lancefield types of group A streptococci, although they tested only one strain of each type. The association of serological types of group A Streptococcus pyogenes with the production of particular enzyme systems has been the subject of numerous reports. Crowley (1944, 1954) noted this effect with respect to both hyaluronidase and amylase production, Robinson, Blinn & Frank (1952) and Williams (1954) reported similarly with glucuronidase and Lazarides & Bernheimer (1957) with diphosphopyridine nucleotidase. This paper reports a comparison of the type antigens and ability to produce an opalescence in serum broth of a large number of strains.
METHODS

Organisms.
A collection of 732 strains of group A streptococci were examined; of these 344 were obtained from lyophilized stocks held in the Streptococcus Reference Laboratory. These strains, collected during the last 20 years or more from clinical material, included the original Griffith type strains. The remaining strains were those submitted for routine type identification during a period of about 6 weeks. All the latter strains were grouped and typed at the time of testing for the serum opacity reaction, while only a selected number of the stock strains were retested for type antigens.
Media. Serum broth consisting of one part Hartley broth (pancreatic digest of beef) and three parts horse serum, sterilized by filtration, was used for the demonstration of the serum opacity reaction; final pH 7.5 by glass electrode. Serum from normal horses was obtained from the Medical Research Council Serum Laboratories, Carshalt on.
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H. GOODER Proteinase was determined by the milk thioglycollate method of Elliott & Dole (1947) .
Lipoproteinase. Urea extraction of the organisms and the demonstration in the extract of lipoproteinase activity by paper electrophoresis were carried out by the method reported by Krumwiede (1954) .
Hyaluronidase. Two hyaluronidase preparations were used : a culture fluid from a hyaluronidase-producing group A streptococcus ; a bovine testicular extract. These preparations were checked for activity by the method of di Ferrante (1956) .
Serological grouping and typing of the organisms were done by the methods described by Williams (1958) .
Serum opalescence. The ability of each organism to produce a serum opalescence was determined as follows. All strains were grown overnight at 37' in Todd-Hewitt broth to a final turbidity corresponding to about lO*chains/ml. One loopful (0.01 ml.) of the culture was transferred to 3 ml. of the serum broth which was then incubated for 18-24 hr. at 37'. At this time the opalescence of the medium was noted and the growth tested for purity and viability by plating one loopful on a blood agar plate. No quantitative assessment of the opalescence was attempted; the results were scored as positive or negative. Different observers were responsible for the results reported for the stock and laboratory groups of strains respectively.
The observed reaction was the production of an opalescence (or increase in opacity) in the serum broth used. This opalescence probably occurs because certain serum components are rendered insoluble. The lipoproteinase described by Krumwiede was a specific enzyme attacking the a, lipoprotein of horse serum. The observable action of the lipoproteinase on horse serum is the production of a similar opalescence, but since many other factors might also produce this effect we have preferred the term serum opacity reaction, although we assume that the observed reaction is probably due to the lipoproteinase.
The results were not obscured by turbidity due to the growth of the streptococci, possibly because of the small difference between the refractive indices of the bacteria and of a medium containing 75 yo (v/v) horse serum. Wichelhausen, Clark, Griffing & Robinson (1958) showed that it was possible to have 107-108 viable bacteria present in a 25% (v/v) albumin solution without any visible turbidity.
RESULTS
The top half of Table 1 records the serum opacity reaction of stock and routine strains of various types. At the time the work was performed, the laboratory had available anti-M precipitin typing sera against streptococci of Types 1, 2, 3, 5, 6, 9, 12,14,15,17,18,19,23,24,26,29,30,31,33,36,87,39, and 48. The lower half shows the results obtained with stock strains of other known types for which no anti-M sera were available. The strains had been assigned to these types a t some time in the past on the basis of an M antigen. They are, however, 'difficult' types with which to prepare good anti-M precipitin sera. Table 2 gives the results found with strains identified by agglutination patterns due to the T or R antigens. The results are summarized (Table 3) in three categories: the types that produce easily demonstrable M antigens, the types in which the M antigen has been difficult to demonstrate, and finally those types that can at present be identified only by agglutination pattern.
Serum opacity reaction in S. pyogenes 349 It has long been known (Todd & Lancefield, 1928) that the colonial differences apparent in many cultures of group A streptococci are sometimes related to the presence or absence of the M antigen. It was of interest to determine whether, when these variant colonies were picked and grown separately, the negative association of serum opalescence and M antigen would still be found. Two strains were studied in this manner. One, on isolation, had the typing 5/27/44 but gave no precipitin reaction with Type 5 antiserum, It was serum-opalescence positive.
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H. GOODER No association could be demonstrated between the serum opacity reaction and the production by the organisms of hyaluronidase or proteinase. Hyaluronidase preparations or crystalline proteinase had themselves no visible action on horse serum during hr. incubation at 37". Extracts of streptococci, obtained from cultures known to produce a serum opacity reaction, by the use of urea (Krumwiede, 1954) , Serum opacity reaction in S. pyogenes 351 produced a pronounced opalescence when mixed with horse serum for 4 hr. a t 37".
Similarly, extracts prepared by lysis of washed streptococci with the phage-associated enzyme (Maxted, 1957) also produced opacity in horse serum even though they frequently did not possess proteinase or hyaluronidase activity.
The association of the serum opacity reaction with the lack of demonstrable M antigen did not appear to be due to alteration of the antigen since active extracts did not destroy isolated M antigen nor did the M antigen disappear from the surface of organisms when they were suspended in such extracts.
DISCUSSION
The results show that those strains of Streptococcus pyogenes which carry M antigen rarely produce the serum opacity reaction with the exceptions of Types 2 and 9. In contrast, serotypes usually producing the serum opacity reaction are those which elaborate M antigen poorly or not at all and are identified by their other surface antigens, either T or R. This relationship of the serum opacity reaction to the possession of M antigen is readily apparent from the results presented in Table 3 . The isolation of M positive and M negative variants from both a Type 5 and a Type 12 culture and their resultant serum opacity reactions further demonstrated this relation. No association could be demonstrated between the serum reaction, streptococcal proteinase or hyaluronidase. These enzymes may reasonably have been expected to have an effect on the loss of M antigen from the surface had they occurred along with the lipoproteinase. Similarly, the lipoproteinase had no detectable activity on M antigen suggesting that the correlation is unlikely to be due to a direct interaction between this antigen and the factors responsible for the serum opacity reaction.
Krumwiede (1954) suggested that the serum opacity reaction was not due solely to a lipoproteinase but was more likely based on the interaction of a number of enzyme systems and accessory factors. She found no direct correlation between the degree of opalescence and the splitting of the lipoprotein. When, however, we tested active extracts obtained from four strains producing serum opalescence for the presence of factors capable of splitting horse serum lipoprotein, with each one such a splitting was found. Thus our studies may be interpreted as showing an inverse relationship between the presence of M antigen and the production of a specific enzyme.
Previous reports have also suggested an inverse relationship between the production of M antigen and particular enzymes. 
